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ABSTRACT 
This paper describes electron microscopic studies on the distribution of pectin within young 
plant ceils.  Dark-grown onion roots,  from  1 to  3 ram. in length, were used.  In order  to 
make the pectic substances selectively dense to electrons, they were first reacted with basic 
hydroxylamine. This  treatment produces  pectic  hydroxamic  acids, which  in  turn were 
treated with ferric ion to form insoluble  complexes. The tissue was imbedded, sectioned, and 
then observed by electron microscopy. Dense deposits of iron were found in the region of 
the middle lamclla and in a second area near the surface of the primary wall. Transverse 
walls of varying maturity were noted. The pectin of the more frequent, immature cross- 
walls, leads direcdy into the inner reacting layer of the axillary (longitudinal) wall. The 
pectin of the more mature transverse walls becomes, on the other hand, intimately asso- 
ciated with the middle lamella pectin of the axillary wall. It is shown that the pectin of 
the middle lamella represents the hot water-soluble portion of the pectic substance, while 
the internal layer of the axillary wall and the transverse wall pectin represent the so called 
residual fraction. Hot versene extraction removes essentially all electron-dense material. 
INTRODUCTION 
Previous  studies  have  indicated  a  connection 
between  pectic  metabolism  and  the  hormonal 
control  of  cellular  expansion  (1,  2).  It  is  thus 
desirable to investigate the manner in which this 
wall component is apportioned. 
The currently accepted  views  on the  distribu- 
tion of the pectic substances within the cell wall 
are based on light microscopic observations. It is 
thought that the pectic substances are concentrated 
within  the  middle  lamella  and  primary  wall. 
The  corresponding  light  microscopic  data  were 
obtained with the aid of ruthenium red staining. 
This  stain  is  recognized  to  be  non-specific for 
pectin, although there seems to be little else in a 
young wall which would react  with  it.  Reviews 
on the earlier findings may be found in books by 
R. D. Preston (3)  and A. Frey-Wyssling (4). 
Plant cell walls exhibit less contrast than cyto- 
plasm when subjected to commonly used electron 
microscopic staining procedures.  It was  thought 
that a method known to bind iron to a modified 
pectin might be employed for electron microscopic 
studies.  The  reaction  in  question  forms  pectic 
hydroxamic acids by substituting hydroxylamine 
for  the  methoxyl  groups  of  pectin.  The  latter 
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501 yield  insoluble  iron  complexes on  treatment  with 
ferric  ion.  Cornaz  and  Deuel  (5)  developed  this 
reaction  to prepare  a  selective exchanger for ferric 
ions.  It  was  later  used  by  Gee~  Reeve,  and 
McCready  (6,  7) as an in vivo method for quantita- 
tive  measurement  of  pectin.  The  same  papers 
show  that  the  reaction  is  specific  lbr  pectin.  The 
applicability  of  this  reaction  to  fine  structure 
studies  is  enhanced  by  the  fact  that  it  proceeds 
readily at room  temperatures. 
MATERIALS  AND  METHODS 
The  experimental  tissue consisted  entirely  of  l  to  3 
ram.  long,  dark-grown  onion  roots.  Immediately 
after harvest the roots were sliced into approximately 
6  longitudinal sections and fixed in a  5  per cent solu- 
tion  of aqueous formaldehyde. After 2  hours at room 
temperature  the  root  tip  slices were  transferred  to  a 
20  and  then  to  a  60  per  cent  aqueous ethyl  alcohol 
solution.  The  formation  of pectic  hydroxamic  acids 
and  their  iron  complex  was  achieved  by  following 
the  general  procedure  of  Gee  et  al.  (7).  The  tissue 
slices  were  allowed  to  remain  in  all  solutions  for  1 
hour.  After  the  reaction  was  complete,  the  root  tis- 
sue was washed  and  allowed  to  remain for  an  addi- 
tional  hour  in  60 per  cent  aqueous ethanol  to  facili- 
tate  removal  of  uneomplexed  iron.  The  tissue  was 
then  dehydrated  with  ethanol  and  imbedded  in  a 
mixture  of  4  parts  butyl  methacrylate  to  1  part 
methyl  methacrylate.  The  polymer  was  solidified 
with the aid  of benzoyl  peroxide  at  48°C.  Thin sec- 
tions  were  obtained  on  an  LKB  "ultratome."  Pic- 
tures were  taken  on a  Philip's "100"  electron micro- 
scope. 
Hot water-extracted tissue was obtained by placing 
root  tip  slices in  5  ml.  of distilled  water  in  a  boiling 
water bath for  1 hour, A  2 per cent versene (ethylene- 
diaminetetraacetic  acid)  solution,  adjusted  to  pH 
6.8 with NaOH  and  buffered  with  0.1  M phosphate, 
was  employed  to  obtain  pectin-free  tissue.  The  ex- 
traction  was  carried  out  at  100°C.  for  60  minutes. 
Following  the  extraction  procedures,  the  tissue was 
placed  in  60  per  cent  aqueous  ethanol  and  then 
reacted in a  normal manner. 
An  experimental  control  was achieved  by placing 
root slices in  a  solution containing  14 gin.  of sodium 
hydroxide in  100 ml. of 60 per cent aqueous ethanol. 
The tissue was allowed  to remain in this solution for 
1 hour  at  room temperature  in order  to  assure com- 
plete saponification of the pectin methyl ester groups. 
This step  was  inserted  prior  to  the  basic  hydroxyl- 
amine  treatment  of  the  normal  procedure,  which 
yields no reaction  with unesterified carboxyl  groups. 
RESULTS 
The  usefulness of iron  hydroxamates  for  electron 
microscopic studies of pectin was evident from  the 
start.  The  cell wall has a  highly increased electron 
density as a  result of the reaction.  The  only other 
cell  part  with  an increased contrast is the nuclear 
material,  including the nucleolus which is slightly 
more  dense  than  in  the  controls.  The  increased 
nuclear  contrast  occurs  even  in  the  absence  of 
hydroxylamine  treatment  and  seems to  be similar 
to  the  staining  of nucleic  acids  with  iron  as  de- 
scribed  by Bernstein  (8). 
In  agreement  with  previous  findings,  con- 
siderable  pectic  substance  is  found  to  be  located 
in  the  region  of the  middle  lamella.  There  is,  in 
addition,  a  second  area  of  iron  concentration, 
presumably due  to  the presence of pectin,  located 
about  0.2  microns  from  the  center  of  the  wall. 
Fig.  1  shows  that  this  material  leads  directly 
FIGURE  ] 
Electron  micrograph of an axillary wall of onion root tissue showing two young trans- 
verse walls.  Pectin  stained  by ferric-hydroxamate formation.  X  28,000. 
FIGt:R~  '2 
A  more mature  axillary-transverse wall junction.  X  31,000. 
F~URE  3 
The formation of an intercellular space.  M  26,000. 
FIGFRE  4 
An  axillary  wall  showing the lack  of contrast  observed when the pectin  methyl ester 
groups have been saponified prior  to ferric-hydroxamic acid formation.  X  24,000. 
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transverse  walls.  During  maturation  of the larger 
axillary walls, this inner concentrated  area, show- 
ing the reactivity of pectin,  becomes obscured  by 
further  deposition  of wall  material  and  perhaps 
by  partial  degradation  and  de-esterification. 
A  more  mature  form  of  branching  is  demon- 
strated in Fig. 2. The middle lamella pectin of the 
axillary  wall  is  seen  to  be  continuous  with  the 
pectin  of the  more  mature  transverse  walls.  The 
younger  walls  (Fig.  1)  are  often  interspersed  be- 
tween  the  more  mature  walls  (Fig.  2)  (see  also 
reference 4, p.  81). 
Fig.  3  shows  a  still  more  mature  branch-point 
of the type demonstrated  in Fig.  2.  It is common 
for intercellular spaces  to  appear  within  the  cen- 
trally concentrated  pectin.  It has  been shown  (9) 
that  these  areas  are  formed  by  a  stretching  or 
rupturing  of the middle lamella region.  This may 
be brought about by an increased synthesis of wall 
substance  without  an  equivalent  increase  in  the 
rate of formation of the middle lamella pectins. 
Root  tissue  which  has  been  saponified  with 
sodium  hydroxide  prior  to  the  hydroxylamine 
treatment  exhibits,  as  expected,  only  a  slight 
density in the wall.  The level of contrast is about 
the same as that seen in formaldehyde-fixed tissue 
without  subsequent  hydroxamate  formation.  A 
control of this type is shown in Fig. 4. The reaction 
of ferric ions with nuclear material is unaffected by 
presaponification. 
Hot  water  extraction  of onion  root  tissue  re- 
moves the  middle lamella pectin.  This  is demon- 
strated by Fig. 5. Tissue subjected to hot, buffered 
versene  extraction  prior  to  ferric-hydroxamate 
formation  shows essentially no increase  in density 
as a result of the reaction. 
Figs.  6  and  7  demonstrate  the  highly  dense, 
particulate  nature  of the  iron  deposits  as  seen  at 
higher  magnification.  The  particles range  in  size 
from those just resolvable to approximately  150 A 
in  diameter.  Fig.  6  is  an  enlarged  portion  of an 
axillary-transverse  wall junction  of the  type  seen 
in  Fig.  2.  Fig.  7  is  an  axillary  wall  picture  that 
exhibits  a  great  deal  of  the  particulate  iron  de- 
posits.  It  is  noteworthy  that  little  homogeneous 
(amicroscopic) staining occurs, but that submicro- 
scopic granules are formed which are exceptionally 
large  along  the  middle  lamella. 
DISCUSSION 
On the basis of the evidence presented in this and 
previous papers, we feel that  the location of dense 
iron  deposits  reflect  the  presence  of  pectic  sub- 
stance. Although the iron deposits are concentrated 
within the region of the middle lamdla and within 
a second area nearer the surface of young primary 
walls, there is observable pectin located throughout 
the wall.  It must be remembered that the amount 
of iron  will be  proportional  to  the  concentration 
of pectin  methyl ester groups  rather  than  to  total 
pectic  substance.  Residual  pectin  is known  to  be 
esterified  to  a  lesser  degree  than  the hot  water- 
soluble and  cold water-soluble  pectins  (1).  In the 
case  of  Arena  coleoptile  tissue,  the  hot  water- 
soluble  pectin  is almost  completely  esterified.  As 
the  middle  lamella  pectin  of onion  root  tissue  is 
seen to be  water-soluble,  it would  thus  represent 
a  smaller  proportion of the total pectin than  that 
demonstrated  by  these  electron  microscope  pic- 
tures.  The  high  degree  of  esterification  of  this 
pectin  would  result  in  an  increased  amount  of 
iron  per  area  and  thus  might  account  for  the 
FIGURE  5 
An axillaw-transverse wall junction from onion root tissue which has been submitted 
to hot water extraction prior to fcrric-hydroxamate formation.  X  34,000. 
FIGURE  6 
A more magnified axillary-transverse wall junction demonstrating the granular nature 
of the iron deposits following ferric-hydroxamate reaction.  X  69,000. 
FIGURE 7 
An enlarged axillary wall demonstrating the increased size of the iron particles in the 
region of the middle lamella.  X  137,000. 
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Fig.  7. 
It was  noted  that  all electron-dense  material  is 
removed  by  prior  treatment  with  hot  versene  at 
pH  6.8.  This is not surprising  as  pectin  has  been 
shown  to break down into more soluble fragments 
when  heated  at such pH  levels (10).  Versene  has 
probably  only  a  minor  role  in  the  solubilization 
of pectin. 
The concentration  of iron occurring on or near 
the  wall  surface  presents  an  unexpected  finding. 
This internal  layer, which is presumably pectin, is 
intimately  connected  with  young  transverse  wall 
formation  (Fig.  1).  The  pectin  of the  transverse 
walls, and this external pectin of the axillary walls, 
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represents  the  so  called  residual  pectin.  It  has 
been shown that indoleacetic acid greatly increases 
the  rate  of  synthesis  of  the  water-soluble  pectic 
fractions  without  increasing  the  production  of 
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axillary walls--the walls parallel  to  the  direction 
of growth stimulation  by indoleacetic acid. 
It is hoped  that  biochemical techniques can  be 
combined with this staining procedure to elucidate 
further  the role of pectin  in cellular expansion. 
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